We demonstrate the first functional signal processing device based on stimulated Brillouin scattering in a silicon nanowire. We use only 1 dB of on-chip SBS gain to create an RF photonic notch filter with 48 dB of suppression, 98 MHz linewidth, and 6 GHz frequency tuning. This device has potential applications in on-chip microwave signal processing and establishes the foundation for the first CMOS-compatible high performance RF photonic filter.
A recent breakthrough achieved forward propagating SBS (FSBS) in a SOI nanowire 8 by partially releasing the nanowire from its substrate. Here, they showed that SBS is enhanced at the nanoscale by radiation pressure contributions [8] [9] [10] and verified that electrostriction (a material property) in combination with radiation pressure (a geometrical property) increases the SBS gain. The amount of SBS gain that was reported, including this geometrical enhancement and novel fabrication methodology, was limited to around 4 dB, 8 which is hardly usable for conventional signal processing applications.
In this paper we report the first functional device for signal processing based on SBS from a silicon nanowires. We employ a novel cancellation technique [11] [12] [13] to harness this modest SBS gain in silicon, creating a high performance, energy efficient microwave photonic notch filter. We use only 1 dB of on-chip SBS gain to create a cancellation microwave photonic notch filter with 48 dB of suppression, 98 MHz linewidth, and 6 GHz frequency tuning. This demonstration establishes the path towards monolithic integration of high performance SBS microwave photonic filters in a CMOS compatible platform such as SOI. We proceeded with the optical characterization of the structure. We coupled 1550 nm transverse-electric (TE)-polarized light using focus grating couplers 14 into the chip and measured 5.2 dB coupling efficiency. We used an optical frequency domain reflectometer (OFDR) 15 to study the losses of our nanowire. This methodology infers the time-domain response via Fourier transform from a modulated backscatter signal and consequently allows accurate measurement of the length of the nanowire and propagation losses as shown in Fig 2(a) . Here, the first reflection peak is observed 722 cm away from the source. This length corresponds to the total length of our optical fibres just before the chip. The second reflected peak is observed 2.5 cm apart from this first reflection. This value corresponds to twice the length (L) of the nanowire as light is being reflected from the second grating coupler. Propagation losses (α) are also obtained with this technique by simply measuring the slope between both grating couplers reflections. This leads to an α= 2.06 dB cm −1 and an thus an effective length, L e f f =(1-Exp(-α.L))/α = 0.94 cm.
We then measured the SBS gain response of the structure. With 30 mW of coupled pump power, we achieved a 0.98 dB of FSBS gain, which was the highest gain we measured in our structure. The measured Stokes and anti-Stokes have a Lorentzian profile at Ω /2π= 8.73 GHz and are combined and plotted in Fig. 2(b) . The calculated linewidth was fitted with a Lorentzian curve (red solid line) and calculated to be Γ/2π = 98 MHz. This leads to a quality factor of Q m = 89.09 and a phonon life time τ = 1/Γ =1.6 ns.
We measured the maximum stokes gain for different pump powers and plot them in Fig 2 (c) .
On resonance, the maximum Brillouin gain as function of Pump power [P p ] is:
where I s (L) and I s (0) are the probe intensity respectively at the output and input of the device. 6 We use equation (1) to infer the SBS gain coefficient (G SBS ) below nonlinear absorption saturation.
Using a linear fitting in Fig. 2(c) we obtain a G SBS = 781.86 m −1 .W −1 . This relatively low value is due to the phonon leakage trough the post-processed Silica pillar. 8 However, we emphasise that creating notch filter do not require an ultra-high SBS gain or high pump powers. In fact we
show below how using a modest SBS gain and the elegant RF cancellation technique we create an The working principle of the notch filter is described in detail in 11 and depicted schematically in Fig. 3 . Using a dual-parallel Mach-Zehnder modulator (DPMZM), a CW optical carrier is modulated with the input RF signal. The DPMZM bias is set such that the modulation sidebands are π out-of-phase, and with amplitude mismatch of 1 dB. The modulated carrier and the SBS pump then co-propagate along a 1.25 cm Si nanowire. The SBS pump frequency and power are set so that a FSBS 0.98 dB gain resonance is induced on the weaker sideband. In this way, only over a 98 MHz frequency range (corresponding to the SBS linewidth), the modulation sidebands have equal amplitude, as well as being π out-of-phase. The SBS pump is then removed using a bandpass filter, which selects the modulated carrier and sends it to a photodetector (PD). Upon photodetection, the sidebands and the carrier mix, resulting in the output RF signal. However, in the 98 MHz frequency range where the sideband amplitudes are equal, the mixing products interfere destructively, creating a high-suppression (>48 dB) notch response despite the low FSBS gain, as shown in Fig. 4 (a). 
